Levels of plasma cortisol in man show a circadian rhythm, with a high point being recorded usually just before awakening and a progressive fall occurring during the waking hours and early hours of sleep (Yates and Urquhart, 1962) . Studies on patients with pain have shown that plasma cortisol patterns deviate from the norm in some, but not all, such individuals. One study has concluded that the abnormal patterns of plasma cortisol levels are characteristic of patients with "organic" as opposed to "psychogenic" pain (Shenkin, 1964) . There has been much evidence that plasma cortisol is altered profoundly by certain psychiatric states (Suwa et al., 1974; Carroll, 1976; Miyabo et al., 1976) but no studies have been done of the circadian rhythm of plasma cortisol in patients with painful conditions. We thought it would be of interest to make a specific study of the circadian patterns of plasma cortisol in patients with migraine. The pain of migraine is frequently severe. Usually no organic lesion is found, yet the stereotyped nature of the pain pattern and the associated autonomic disturbances are persuasive evidence that the pain has a physiological base. On the other hand, the pain of migraine has unmistakable if variable associations with emotional stress and depression. It would, then, be difficult to predict whether the plasma cortisol patterns of migraine patients would resemble more those of patients with "organic," or those with "psychogenic" pain, and of particular interest to study the circadian pattern of the hormone.
We have studied the plasma cortisol levels for two and a half days and the presence (and degree) or absence of headache, and the affective state, as measured by psychological tests, were recorded at four equally spaced intervals during waking hours in 25 patients with severe migraine. A dexamethasone suppression test was also performed. The results were compared with eight normal individuals studied in the same fashion.
Patients were admitted to hospital on a Friday afternoon and placed on bed rest with bathroom privileges. A heparin lock intravenous line was placed in each patient's forearm to facilitate and minimise the pain of taking blood samples. Beginning on Saturday morning, blood samples were drawn at 0800, 1200, 1600, and 2000 on Saturday and Sunday. Serum cortisol was determined by the competitive protein-binding radioligand assay (Murphy, 1967) . The normal ranges are 10-20 ,ug/ dl in the morning and 5-10 ,ug/dl in the afternoon. Reliability of the assay for morning cortisol values is +1.2 ,ug/dl. At 2200 on Sunday, 1 mg dexamethasone was given orally, and the final sample was drawn at 0800 on Monday. Normal response is considered to be less than 5 ,ug/dl (Nugent et al., 1965) .
All patients were given the Minnesota Multiphasic Personality Inventory (MMPI) test on Friday afternoon. At the time of each blood sampling, the patient filled in a brief question form designed to sample his "mood" at the time. The short form was composed of items from the depression (D) and the psychasthenia (PT) scales of the MMPI test. Also, at the time of blood sampling, each patient recorded in a bedside diary the presence or absence of headache, and if headache were present, whether it was mild or severe. When medication was required for headache, diphenhydramine or prochlorperazine was used, since it is known that analgesics can alter blood cortisol levels (Egdahl and Richards, 1956) .
Eight volunteer control subjects of comparable age range were selected by virtue of having been free of headaches and in good health, and they were placed at bed rest; plasma cortisol was sampled at the same times as the patients. Psychological testing was performed and dexamethasone test was also given as for patients.
Results

DIURNAL VARIATIONS IN CORTISOL LEVEL
To confirm the diurnal variation of plasma cortisol levels in these patients an analysis of variance for repeated measures with two-way repeats (in this case four time periods in two days) was performed. The analysis showed that the observed pattern of changes throughout the day was significant at the 0.001 level. Any differences between days was not significant (P=0.51). The observation of the single day 3 plasma cortisol was not included in this analysis since it reflected suppression of plasma cortisol levels by the use of dexamethasone.
All eight normal control subjects also showed the expected circadian rhythm of plasma cortisol levels with a steady fall in the level from 0800 to 2000 on both days. (Fig. 4) with consistently high levels of plasma cortisol, reported no headache at any time during the study. Conversely, JG (Fig.  3) did report his only severe headache at the time of a markedly raised level of plasma cortisol.
Six patients failed in varying degrees to suppress plasma cortisol levels in response to the test dose of dexamethasone. Four of these patients fell into the group of consistently high plasma cortisol, the other two into the aberrant group. The entire study was repeated on two of these patients, and in this second study one patient failed completely to suppress plasma cortisol in response to dexamethasone, the late evening cortisol value immediately before dexamethasone being 8.4 yg/dl and the 0800 value 12 hours later being 20.9 ,ug/dl.
The second patient on whom this study was repeated again showed high values on both days and lack of response to dexamethasone.
RELATIONSHIP OF PLASMA CORTISOL LEVEL TO PSYCHOLOGICAL TEST RESULTS
The MMPI test results were divided into normal and abnormal: the latter was defined as any individual scoring 70 or more T score on one or more of the 10 clinical scales. Test results on all control subjects were within normal limits. In the patient group, eight group B patients (normal plasma cortisol levels) had normal MMPI results and the remaining three had slight increases only in the "somatic" scale. Of the 14 group A patients (elevated or aberrant plasma cortisol levels), seven 745 had abnormal MMPI profiles (50%). Six of these had three or more scales scoring above 70. The remaining patient showed a slight increase on two somatic scales (Hs and Hy). In the six subjects with elevation of three or more scales, depression was one of these scales in four subjects. In no control subject or any other patient was an elevation of D scale found. Of particular note is the negative finding that in seven of the group A patients there was no evidence of abnormality on the MMPI test.
The D and PT scales of the short psychological tests administered at time of blood sampling were then studied for their possible association with plasma cortisol values because of the above findings. On these short forms, as on the initial MMPI, we found a significant difference between the mean scores of total patient group and controls, using repeated measures analysis of variance described above, both for D (P=0.005) and PT scores (P=0.02). No evidence of diurnal variation was found in either measurement.
Because of the findings on the initial MMPIs and the known association of depression with elevated plasma cortisol, it was decided to study the D scale levels of the two originally described patient groups, A and B, even though, as noted above, elevations of D scale to abnormal levels were not found in any group B patients, and in only four of 14 group A patients. Although the difference between the mean D scales of group A and group B patients was not statistically significant, possibly because of small numbers and the great variation, there is a consistent tendency for the group with abnormal plasma cortisol levels to have higher D scores.
The possibility that abnormal plasma cortisol values in patients with normal MMPIs were attributable to severe pain was next studied. On only three out of the seven group A patients with normal MMPIs was severe pain reported at any time during the study.
Discussion
The most striking findings in this study are the large variation in plasma cortisol values in migraine patients as compared to control subjects, and the occurrence of two patterns of abnormal circadian levels of plasma cortisol occurring in subgroups of migraine patients-one of consistently high levels of plasma cortisol and another of one or more aberrant high values occurring during the day.
Although the mean plasma cortisol values for the migraine patients were higher than those of control subjects at most times tested, the difference was not significant, but the variation in the migraine group was greater than that of controls at all time periods and significantly greater at four of the eight time periods tested. These findings suggest a similarity to those of Krieger and Krieger (1966) who studied circadian changes in plasma cortisol levels in a series of subjects with disease of the temporal lobe, pretectum, or hypothalamus, and two control series-one with central nervous system disease outside these areas and another with no disease. They found no significant difference in average plasma cortisol levels between the three groups. The study group, however, differed significantly from both control groups in the extent of variation of plasma cortisol from the diurnal slope of the linear trend. The second major finding, that of elevated plasma cortisol occurring either consistently or at occasional sampling times, could have been the result of pain or of the presence of some type of psychological or emotional state. Shenkin (1964) found that of 66 patients with pain that he considered objective (acute lumbosacral strain, herniated lumbar disc, tic douloureux, and so on), 86.4% had some abnormality of diurnal values of plasma cortisol. The abnormality was always one or more high values. By contrast, 45 patients judged to have psychogenic pain (low back pain, tension headache) were found to have normal mean and diurnal patterns of plasma cortisol in 84.4% of the cases. Lascelles et al. (1974) , studying the same problem in 25 subjects, found mean level of plasma cortisol elevated over controls in both patients with psychogenic and those with organic pain. The plasma cortisol levels, however, showed greater elevation in the latter group. The normal diurnal variation was also reduced in both pain groups, again more in the "organic group."
Migraine presents two particular problems in the study of pain-firstly, the determination as to whether any specific headache is "organic" in origin is particularly difficult, and secondly, the pain is characteristically episodic. Pain may or may not be present at the time of sampling plasma cortisol. We shall not enter into the question of the organic nature of pain in our patients. There is, of course, massive evidence for physiopathological abnormalities occurring during migraine attacks, and the organic-psychogenic dichotomy seems an inapplicable oversimplification in this problem.
The question of whether plasma cortisol values were elevated specifically at times of pain was addressed by computation of Z scores described above. We found that there was an overall correlation of pain with elevation of plasma cortisol. In time periods where severe pain was recorded, it was found that plasma cortisol levels averaged out to about 1.5 standard deviations above the normal control means for those time periods. Pain per se is, then, probably one factor contributing to the abnormal levels of plasma cortisol in some of these patients. Whether pain can be separated from "psychological stress" is dubious, and it is well known that various strong environmental stimuli producing suspense and anxiety can increase plasma cortisol (Mason, 1968; Norman and Turter, 1968; Charters et al., 1969; Brown and Heninger, 1975) . We found, however, no significant diurnal variation in our psychological tests administered at the times of plasma cortisol testing. It is doubtful, therefore, whether transient psychological stress (at least as here tested) is responsible for the increase in plasma cortisol. Sacher (1973) has reviewed the evidence from several studies on populations under a variety of transient stressful situations that the adrenal-cortical response to such stress is "relatively slight" and very inconstant. Furthermore, it has been noted by Smith (1973) that "no parameter of corticoid response sensitively reflects different intensities of physical stimuli or emotional excitement between threshold and maximal emotional stimulation." That pain cannot be the sole cause of the elevation of plasma cortisol is evident, not only from statistical evidence but from the many times when severe pain was reported with normal plasma cortisol levels and conversely when elevated plasma cortisol occurred in the absence of pain.
The inconstant association between plasma cortisol and pain is, of course, consistent with the many observations that somatic "stress" in the absence of pain may cause marked increases in plasma cortisol, notably in anaesthetised patients undergoing surgery (Charters et al., 1969; George et al., 1974) .
It is well known that plasma cortisol is increased in depressive states, and it is most consistently the psychotic depression that has been associated with this abnormality (Carroll, 1976; Carroll et al., 1976a, b) . As to other psychiatric conditions, marked deviations from normal plasma cortisol levels have been reported in anorexia nervosa and in schizophrenia (Suwa et al., 1974; Katz et al., 1976) , although the latter finding has been challenged (Carroll, 1976) . In our study, all control subjects and eight of 11 migraine patients with normal plasma cortisol levels had normal MMPI test results, with minimal abnormality in the other three. In no control subject or patient with normal plasma cortisol, specifically, was there an increase in the depression (D) scale. Conversely, of the 14 patients with high plasma cortisol level or abnormal diurnal variation, seven had abnormal MMPI scales. The D scale was raised in four of these seven; and in six, two or more other scales were elevated. In none of these cases, all of whom had been carefully followed in a headache clinic for several months, had a clinical diagnosis of depression or other overt psychiatric disease been made.
The relationship between depression and migraine is complex. The most well-documented facet of the problem is the fact that amitriptyline, a tricyclic antidepressant, is an effective prophylactic drug against migraine in a part of the patient population (Couch and Hassanein, 1976) . The results of the present study provide evidence for another possible link between depression and migraine, and suggest that one factor in the elevation of plasma cortisol in some of these cases may be unsuspected depression. The association of depression with raised plasma cortisol has been amply documented (Carroll, 1976) . It is of interest, however, that in none of our patients had clinical depression been diagnosed, and in three individuals with abnormal levels of plasma cortisol the MMPI test did not show elevation of the D scale. Furthermore, none of the abnormal MMPIs were characteristic of severe depression but reflected in addition anxiety, social alienation, bodily preoccupation, and lack of deep interests. It is improbable, therefore, that the existence of overt depression in these cases is the sole explanation for the elevation of plasma cortisol. This finding is of particular interest because hypothalamopituitary-adrenal (HPA) dysfunction has previously been described consistently only in severe depression, and has been found correlated more with somatic than with psychological features. To our knowledge, other studies of HPA function in less severe emotional disturbance with somatic symptoms (except for pain studies cited) have not been done.
Failure of suppression of plasma cortisol by dexamethasone has been found regularly in populations with endogenous depression and has not been found with other psychiatric disease (Carroll et al., 1976b) . In the present study, six individuals did not show normal suppression to dexamethasone. Two of these patients had an elevated D score on MMPI scale, four did not. Of the latter four, three had completely normal MMPI scores, on an elevated somatic scale. Of our four patients with elevated D scores on MMPI, two showed normal suppression with dexamethasone, two did not. In summary, the dexamethasone test also showed abnormality in some of the migraine patients, not consistently associated with depression. We did not test plasma cortisol beyond the 12 hour sample and, therefore, do not know whether these patients who did suppress might have shown an early "escape" as has been described.
We are aware of the fact that the circadian rhythm of cortisol secretion is comprised of a series of episodic pulses, as shown by several investigators (Weitzman et al., 1966 (Weitzman et al., , 1971 Hellman et al., 1970) . These pulses are normally related inconstantly to environmental stimuli including several anxiety producing events. It has, however, been demonstrated that specific environmental stimuli, presumably extremely stressful, such as preoperative preparation, can produce major secretory surges of cortisol, which can clearly be detected as producing alterations in the circadian rhythm (Czeisler et al., 1976) . Our results show a clear distinction between control subjects where there was a total absence of such surges, and the considerable group of patients where the circadian rhythm was clearly distorted. This disparity cannot be ascribed to any procedures or environmental stimuli that were different for patients and control subjects during the study period, since all subjects were treated identically.
It seems, in summary, that the abnormal circadian rhythms of plasma cortisol seen in over half of our migraine patients had some, but inconstant, association with pain. A similar statement could be made about the association with depression. We postulate that the abnormal plasma cortisol circadian rhythms occurring in some migraine patients may be the result of a complex interaction of these two aetiological factors. There is, however, also the possibility that the HPA abnormality in some cases of migraine is a reflection of primary hypothalamic dysfunction of unknown mechanism as reported by Krieger and Krieger (1966) in their study of organic brain disease. In this case, of course, the pain and psychological findings might well be secondary phenomena. Finally, the occurrence of a group of migraine patients with normal circadian rhythms of plasma cortisol associated with normal MMPI tests gives strong evidence of the heterogeneity of the population defined as migrainous and the desirability of pursuing the study of the neuroendocrine status of this interesting group of patients. 
